Activation of complement by human hemoglobin and by mixtures of hemoglobin and bacterial endotoxin.
Purified human hemoglobin is being developed as an alternative to transfusions of homologous erythrocytes. However, toxicity associated with infusion of hemoglobin has limited the development of this resuscitation fluid. Some observed toxicities, including activation of the complement cascade, have been associated with contamination of hemoglobin solutions by bacterial endotoxin. Recent studies have demonstrated complex formation between hemoglobin and endotoxin, and have documented a resultant increase in the ability of endotoxin to activate coagulation, stimulate tissue factor production by human peripheral blood mononuclear cells, and stimulate tissue factor activity and protein synthesis in cultured human endothelial cells. The process of hemoglobin enhancement of endotoxin toxicity suggests a possible mechanism by which the consequences of endotoxin contamination of hemoglobin solutions, including complement activation, could be magnified. Therefore, we studied the potential of hemoglobin to either fix complement directly, or modify the ability of endotoxin to fix complement. Human crosslinked and native hemoglobins, at concentrations between 0.2 mg/ml and 3 mg/ml, were shown to fix complement. Complement fixation by hemoglobin was identical in normal human serum or in factor B-depleted serum, suggesting that fixation occurred via the classical pathway of complement activation. Complement fixation then was examined with a battery of smooth and rough endotoxins tested in the absence and presence of hemoglobin. Addition of hemoglobin to a solution of a rough Salmonella endotoxin partial structure, from which a single fatty acid had been hydrolyzed from the lipid A portion of the macromolecule, resulted in decreased efficiency of complement fixation. However, addition of hemoglobin had little or no effect on the intrinsic complement fixing abilities of eight other smooth endotoxins, rough endotoxins, or endotoxin partial structures. Our results demonstrated the ability of hemoglobin to fix complement at hemoglobin concentrations which would be achieved during infusion for resuscitation, but failed to demonstrate a reproducible effect of hemoglobin on the activation of complement by endotoxin.